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FMEA NAM:,QI’V FAILURE MODE FARURE EFFECT ON
DRAWING CAT'Y c::ts’g - RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
1.2 ENERGY " 1.21 Damage 10 pole
ABSORBER Mode: or Orbiter 1. Design Features. The design features which minimize the probability of this failure mode are:
ASSEMBLY {4}, Energy brackets during '
SED27101365-301 absorber binds | deployment if a. The absorbers are fabricated of materials not conducive to corrosion Dry lubricant is applied 1o the rod and
ane energy Iriction washers during assembly, and design tolerances are established Lo minimize the probability ot binding.
Cause: absorber binds

e Contamina-
tion
® Corrosion

and stop plate
fails

b. The absorber rod is fabricated from inconel 718 in accordance with specifications AMS 5662 and 5663 The rod
is passivaled aller machining, and dye penetrant inspecied in accordance with MiL-5 TD-6866, with no cracks
permissible.

<. Fhe {riction washers are machined from CRES 416 material, spedification QQ-5-763, passivated aller madhuning,
and heat treated. Dy lubricant, MS-122 is applied 1o the rad and washers during assembly

d. The absorber body is machined from 6061-T651 aluminum, in accordance with QQ A 225/, und unodized

€. Theretainer plugis fabricated by the bonding together of nylon and aluminum wil Hysol udiesive The
aluminum portion is anodized afler machining

f. The {our shock absorbers are instaled on centers al least 2.8 inches apartonthe stop plute The siop plate 1s
fabricated lrom 875 inch thick aluminum plate and anodized after machimng The stop plate is designed Lo an
ultimate safety lactor of 1.4 lor all mussion phases.

9. The energy absorbers are designed 10 an ultimate salety facior of 1 4 for ufl mission pliases

PREPARED BY . R. HEISKALA

SUPERSEDING DATE:

Jo 26 @¥ey

DATE

INIHHOYLILY

aolLeoqs
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FMEA NJ\M:.QIY FAILURE MODE FAILURE EFFECT ON
DRAWING CRIT'Y (::Is)g AATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION END ITEM .
121 ENERGY m 1.2 Damage 1o pole
ABSORBER Mode: or Orbiter 2. Testing/Analyses.
ASSEMBLY {4), Energy brackels during
SED27101365-301 absorber binds | deployment if a. Acceptance Tests.
one energy
Cause: absorber binds {1} Acceprance vibration test (AVT).
® Contamina- and stop plate & Duration: 3 minulesfaxis
tion fails ® Levels: 20- B0 Hz, increasing 3dB/0Oclave
o Carrosion

80 - 350 Hz a1 0.04g2/Hz
350 - 2000 Hz, decreasing 3dB/Octave

{2} Funcuional test (prior 10 and after AVT).
& Initial pracess, controlled PCES deployment and recocking

® Noncontrolled deployment wilh equivalent aercdynamic loads on pole Lip
*  Manual deployment wilh ralchet assembly )

b. Certification Tests {These tests were performed at the system level )

{1} Qualification acceptance vibration 1ests (QAVT).
¢ Duralion: 5 times AVT, 1S minutesfaxis
® Levels: 20- B0 Hz, increasing 3dB/0clave
80 - 350 Hz, a1 0.067g2/Hz
350 - 2000 Hz, decreasing 3dB/Oclave

{2} Funclional lest {alter QAVT)
¢ Conurolied deployment and recocking of PCES
® Nonconlrolled deployment with equivalent aerodynamic loads on the pole bip
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FMEA NJ\M:.QW FAILURE MODE | FALURE EFFECT ON
DRAWING CAIT’Y c::[s)g ) AATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION END ITEM
121 ENERGY n 1.2 Damage 10 pole
ABSORBER Mode: or Orbiter {3} Flight random wibration tests, 48 minutes/axis, in 4 segments as follows:
ASSEMBLY (4), Energy brackets during aSegmeniNo. No ofMissions  Vibration Duration/Axs
SED27101365-301 absorber binds | deployment if 1 [ 173 sec.
one energy 2 19 548 sec.
Cause: absorber binds 3 25 720 sec.
e Contamina-  {and stop plate q S0 1440 sec.
tion fails :
e Corrosion

{a)

(5)

(6}

¢ Duration: Segment dependent {48 minutes/axis}.
20 - 150 Hz, increasing 6dB/Octave

150 - 1000 Hi, ot 0 03g*/Hz

1000 - 2000 Hz, decreasing 6dB/Oclave

® levels:

Life cycle 1ests
& 14 controlled deployments
e 6 noncontrolled deployments {which stroke the energy absorbers)

Design limit load and ulumate hmii load Lests.

e  With PCES fully deployed, a series of Joad ramps will be applied 10 Lhe pule Up and venlied no yrelding
below 100 percent of design himit

s With PCES fully deployed, u series of load ramps will be apphed Lo the pole up and venlied no lailure
below 140 percent (1 4 salety lacior) of design himit loads

Thermal testing {by analyses)

Ground operations: 35 1o 120°F

Normdl operations: 65 1o 30°F

Ascentfenlry transients. 95°F mawmum peak

Ferry flight: Not applicable; PCES will be removed from Orbites
LaunchAanding emergency escapes via PCES: 1210 75°F
Temperature {struciure}: 120°F maximum

PREPARELBY. R. HEISKALA

SUPERSEDING DATE:

DATE

Jo #g °%eg

APPROUVED BY T PELISCHEK

LNIWRHOVLILY

ao12ots



CRITICAL ITEMS LIST
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FMEA NAM:.QT\' FAILURE MODE | FAMURE EFFECTON
DRAWING CRIT'Y (::'s)s RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
1.2 ENERGY 11 1.21 Damage to pole {7) Fungus (by analysis).
ABSORBER Mode: or Orbiter ®  Non-nutrient 1o fungi in accordance with MIL-STD-810D, method 508 3 or malerials adequately trealed
ASSEMBLY (4), Energy brackets during {refer 1o MFO004-014C, paragraph 3 $.1.¢)
SED27101365-301 absorber binds 1 deployment if
one energy {8} Humidity (by analysis).
Cause: absorber binds ¢ The PCES malerials list was analyzed 10 certi fy compliance with MF0004-014, paragraph3 1 1.e
e Contamina- | and slop plate
tion tails (9) Salispray {by analysis)
¢ Corrosion ® The PCES malerials list was analyzed 1o certify compliance with MFO004-014, paragraph 3 3.3 7.

{10)Sand/dust {by analysis}.
& Sand [
- diameter 0.0031 to 0.039 inches -
- suspended sand 1.2 ibs. per cubic It -
- wind speed 33 fussec -
- hardness 7 10 8 Moh scale -

Dust

diameler 0.0000039 10 0 003/inches
suspended dust 3.7 100/ Ib fcu N
wind speed 33 fusec

hardness 7 1o 8 Moh scale

(11)}Additional certification Lest/analyses.
® Transparialion - packaging, shock, and vibratien: Packaging designed and protecuve procedures
developed in accordance with FED-STD-101
Oniofl cycle hiie test (by tesungh: PCES deployed 20 times, refer 10 {4) above
Transient vibration (by analysis)
Structural latigue (by analysis)
Corrosion: {by analysis)
Handhing shock, crash shock, and landing shock (by analyses)
Acceleration and cabin atmosphere {by analysis)
Full lile and hmited uile centification {by analysis)
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CRITICAL ITEMS LIST

ASSY NOMENCLATURE: POLE ARRESTOR ASSEMBLY

ASSY PIN: SED27101363

SYSTEM: CREW ESCAPE SYSTEM REVISION:

SUBSYSTEM: POLE CREW ESCAPE SYSTEM PAGE 11 OF 70

® Contamina-
lion
® Corrasion

and stop plate
fails

g
FMEA NAM:.QT\' FAILURE MODE | FALUME EFFECTON
DRAWING CRT'Y (::‘125 RATIONALE FOR ACCEPTANCE

REF | REV | REF DESIGNATION END ITEM
1.21 ENERGY 143 21 Damage to pole .

ABSORBER Mode: or Orbiter ¢ Turnaround Tesling Each PCES is subjected (o a controlied functional deployment test, per OMHSD

ASSEMBLY (4), Energy brackels during | requirements, every 10 missions or every 2 years, whichever occurs first.

SEOXT101365-310 absorber binds | deployment if

one energy 3. Inspection/QA/Manufacturing.
Cause: absorber binds

a.  All PCES fabrication, assembly, and test activities were performed under the junisdiction of the NASA J5C Quality
Assurance (QA) Division in accordance with 1ISCM 5312 SR&QA Manual Requirements. QA surveiliance was provided lor
procurement, planning, processing, fabrication, assembly, centification testing, and acceplance tesung One hundred

percent mandalory inspeclion points were employed at appropriate points in the fabrncation, assembly and acceplance
process.

b Receiving inspection verified thal materials provided by suppliers were asidenulied on the procurement

documents, and thal dala was provided altesling Lo the traceabilily and acceptability of materisly und components
received from suppliers.

¢. The energy absorber assembly components were fabricated of aerospace approved materials by trained
1echnicians QA inspections performed during the fabrication, assembly, testing, and atceplance process prior io
delivery verilied:

(1} Use of correct, approved materials
{2} Dimensional tolerances specified on design drawings

(3} Cleaning of paris and assemblies in accordance with 1SC Manual 5322, paragraph 7.1 3 to level GC.

{4) Inspection of surlaces assuring proper surface preparation prior 1o applicanion ol special suf face coating
Processes. I

{5) Ligquid dye penetrant inspection in accordance with MIL-STD-6886 alter machining, with no <racks
permissible
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CRITICAL ITEMS LIST

ASSY NOMENCLATURE: POLE ARRESTOR ASSEMBLY

ASSY PIN: SED27101363

SYSTEM: CREW ESCAPE SYSTEM HEVISION:

SUBSYSTEM: POLE CREW ESCAPE SYSTEM

visual inspection lor damage.

PAGE 120F 70
FMEA NAM:.QI‘Y FAILURE MODE | FAULURE EFFECTON
DAAWING CRTY c::‘j[s)i RATIONALE FOR ACCEPTANCE
REF | REV | REF DESIGNATION ENDITEM
121 ENERGY n 1.21 Damage to pole
ABSORBER Mode: or Orbiter (6} Anodizing of aluminum surlaces as specified on engineering drawings; pussivaling ol inconel and sieel
ASSEMBLY (8), Energy brackeisduring | components, as defined by drawings.
SED27101365-301 absorber binds | deployment if
one energy (7} Proper assembly of components, Lorquing of threaded fasteners, alignment, and fitting ol components Inlo
Cause: absorber binds the PCES in accordance with drawing requirements.
e Contamina- | and stop plate
tion fails (8} Demonstration of energy absorber functional performance in the PCES in accordance with TPS instructions;
o Corrosion

d. Jurnaround. The PCES end item is removed afler each flight and visually inspecied, per OMRSD requirements,
prior to reinstallation for each mission. The 2 year inspections inctude visual examination of the energy ubsorbers for

signs of deterioration or damage and corrosion, and performance of controlied deployment 1ests; and recocking

4. Failure History. The energy absorber assembly is a newly designed hardware item and has 0o lailure lustory

5. Operational Use.

b.

Operational Effect of Failure. Probabile loss of crew if more than one energy absorber lads

Crew Aclion. None.
Crew Training. Not applicable.

Mission Consraints. None Mission would be Llerminated prior 1o use of Lhis equipment

In-Flight Checkoul None
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